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This paper comments on the idea of engineering novel and artificial forms of life to combat 
anthropogenic climate change by ‘terraforming’ the Earth. The idea of ‘Nature-based 
Solutions’ that sustain biodiversity while supporting human well-being connects conservation 
and climate change.  However, the technologies of synthetic biology, particularly gene-
editing, challenge the notion that only naturally-evolved organisms and ecosystems are 
capable of influencing in climate.  The release of genetically-engineered organisms poses 
risks to biodiversity.  Synthetic biology’s engineering vision for the organic world is bold.  
But , terraforming with synthetic organisms is at odds with the conservationist’s concern for 
living diversity and diverse ecologies.   
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Biodiversity and Climate  
Biodiversity loss and climate change are portrayed as the two linked crises of the 
Anthropocene (Rockström et al. 2009).  But what links them?  Less than many in 
conservation would like. 
 
Conservationists often feel themselves poor relations in debates about global futures. They 
suffer a measure of ‘climate change envy’.  They lament the lack of headline numbers that 
can match the allure of  atmospheric concentrations of CO2 (Zaccai and Adams 2012, c.f. 
Hulme 2020a).  They envy the way the procession of reports from the IPCC 
(Intergovernmental Panel on Climate Change) for its creation of a powerful scientific 
consensus on climate change of a kind that has been slow to form for biodiversity, because 
they swallow without question the assumption that ‘scientific facts’ automatically drive 
 2 
policy change (a process that Mike Hulme (2011) has referred to as ‘climate reductionism’).  
The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
(IPBES) is sometimes described as an attempt to ‘do an IPCC’ for biodiversity (e.g. Jowitt 
2010), although it has a broader remit (to catalyse generation of new knowledge, support 
policy and build capacity, as well as assessing existing knowledge, Brooks et al. 2014).   
 
The main point of agreement between those concerned about climate change and biodiversity 
loss is the importance of carbon storage in forests, peatlands and other ecosystems.  When 
undisturbed, such habitats are often biodiverse, and conservationists have long argued the 
importance of their conservation as part of climate policy, for example through the tortuous 
byways of REDD and REDD+.   
 
The latest way of framing this argument is based on the concept of ‘Nature-based Solutions’ 
(Cohen-Shacham et al. 2016).  This emerged from the idea of ecosystem services, and refers 
to actions to address climate change (and other issues such as food and water security or 
natural disasters) that involve the protection, sustainable management or restoration of 
natural or modified ecosystems.  It is argued that ‘Nature-based Solutions’ can sustain 
biodiversity at the ecosystem and species levels of such importance to conservation, while 
providing human well-being benefits (Cohen-Shacham et al. 2016).  This wins area-based 
conservation programmes an important place in the fight against runaway climate change. 
 
 
Biodiversity and Terraforming  
Debates about biodiversity conservation and climate change are familiar territory.  But new 
ideas challenge the notion that the only organisms and ecosystems that are useful in climate 
mitigation are those that evolved naturally.  There is increasing interest in novel and artificial 
forms of life,  epitomised by an article in the MIT Technology Review in 2016, entitled ‘How 
Synthetic Organisms Could Terraform the Earth’.  Its premise was  that one way to combat 
climate change might be ‘to release synthetic organisms that sequester carbon’ (Anon 2016).  
This speaks to a quite different kind of biology, and a different vision of organisms and 
ecosystems, to those prioritized by conservationists. 
 
The idea of terraforming is not new.  In 1961 Carl Sagan discussed the ‘planetary 
engineering’ of Venus to allow human habitation using microbes to break down carbon 
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dioxide in the atmosphere. The term has retained currency in  debates about making other 
planets habitable by humans, notably Mars (e.g. McKay et al. 1991).  Recognition of human 
transformation of the earth’s  atmosphere of earth through climate change suggested the neat 
(if scary) possibility of whether the same trick could be pulled off on Mars to allow terrestrial 
life forms.   
 
Jump forward a quarter of a century, and terraforming has come back to Earth as a way of 
describing geoengineering, the deliberate (as opposed to accidental) manipulation of the 





The field of synthetic biology, which began to come together around the year 2000, re-
imagines biology in engineering terms (Cameron et al. 2014, Carlson 2010).  It involves both 
the design and construction of ‘novel artificial biological pathways, organisms and devices’ 
and the redesign of existing natural biological systems (Royal Society 2020).   
 
It treats the genome as a resource, a raw material to be shaped to meet human ends (Gibson 
2014).  It frames biological life in terms of industrial processes, treating genetic sequences as 
standardized parts that can be engineered and reassembled into lengths of DNA that can stop, 
start or run a biological process in a predictable and standardized way.  Synthetic biologists 
speak of  combined DNA sequences as genetic circuits, and engineered cells and even 
organisms as ‘devices’. 
 
The transformative technology in synthetic biology is ‘gene editing’, using a range of 
techniques of which CRISPR-Cas9 is the best known.  Science named CRISPR its 
‘breakthrough of the year’ in 2015.  In the language of to this familiar ‘editing’ metaphor, the 
order of bases in the DNA of an organism is ‘read’ and translated into a digital form using a 
sequencing machine. A new design is then created in a computer digital design (for example 
involving the removal or ‘silencing’ of particular sequences of bases or the insertion of new 
ones) using CRISPR or a related tool.  The new digital design is then created physically in  a 
DNA synthesis machine, and inserted into a living cell, which (hopefully) will then start to 
operate according to the new genetic instructions (Davies 2018). The precision and speed of 
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this ‘editing’ process is increasing rapidly.  By 2019 six differernt CRISPR cutting systems 
had been identified, with the potential toto cut and rebuild millions of genes at a time 
(Service 2019).  
 
Reviews court hyperbole in describing the promethean potential of gene editing as a 
technique, and synthetic biology as an approach.  Gene editing allows precise changes to be 
made to the genetic code of any organism, from bacteria or yeasts to mammals or trees.  In 
principle, it can be used to alter any genetically-based biological attribute of any existing 
species.   It can also be used to create completely novel genetic sequences, and potentially 
species wholly new to nature.   In 2010, the science media announced (slightly prematurely) 
the creation of ‘the world’s first synthetic life form’ on the back of work at the J. Craig 
Venter Institute in the USA who had synthesized a chromosome from one species of 
bacterium and transplanted it into another (Sample 2010, Gibson et al. 2010).  Scientific 
progress in such experiments is rapid, and tasking place in many different countries. 
 
The field of synthetic biology promises to transform and disrupt all industries based on 
biological systems, including crop and animal breeding, human and veterinary health, the 
manufacture of biologically based materials and industrial feedstocks (Morton 2019).  It is 
receiving billions of dollars of government and private investment, particularly in the USA 
and China (NASEM 2017).                                                                                                                
 
 
Terraforming  with Synthetic Life 
So, while the achievements of synthetic biology still fall short of ambition, the basic 
principles of genome editing are well established, and industrial and whole organism 
applications are common in commercial settings as well as research laboratoriess.  This 
means that there is no reason, in principle, why terraforming using genetically engineered 
organisms  could not be attempted. 
 
Synthetic biologists, and futurologists working in the field, speak openly of living ‘devices’ 
designed explicitly to live in polluted or degraded environments, perhaps even to clean them 
up: living Wall-E robots, cleaning up Earth to make it safe for human habitation (e.g. 
Ginsberg et al. 2014). 
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The extension of such thinking to the planetary scale, ‘terraforming’ of earth using synthetic 
biology, is not far-fetched by the standard of the field.  The idea is to design, engineer and 
release synthetic microbial organisms that can self-replicate and colonize, reducing 
accumulated greenhouse gases, or reshaping the ecology of regions (such as desert margins) 
affected by climate change (Sole 2015, Solé et al. 2015).   Novel engineered traits (salt or 
drought tolerance in plants, for example) could also be autonomously inserted into existing 
species, using a technique called a gene drive (Braverman 2016a).     
 
The risks associated with this idea are recognized in the literature.  Designed species would 
not thrive, or thrive too well and have unexpected effects.  The release of synthetic organisms 
(or genetically engineered organisms) alarms many environmentalists, and is the subject of 
growing debate(e.g. Braverman 2016b), especially in biodiversity conservation (Redford et 
al. 2014, Phelps et al. 2019, Redford et al. 2019).  The idea of terraforming using synthetic 
organisms is therefore deeply problematic from the perspective of biodiversity conservation.   
 
Those mooting the idea of a world terraformed by synthetic organisms emphasize the need 
for careful contained experiments, and suites of computer models to try to predict what might 
happen at genetic, metabolic, population and ecosystem scales (Sole 2015).  Genetic limits to 
the spreads or organisms could be built into the new engineered genomes (Solé et al. 2015).  
It remains un clear whether such measures are sufficient to address the risks, and who is to 
ensure such procedures are followed in a world without internationally agreed protocols to 
regulate the release of genetically engineered organisms (e.g. Braverman 2016b, Redford and 
Adams in press). 
 
 
Global Systems, Local Ecologies 
From a conservation perspective, the idea of terraforming with synthetic organisms is and 
extreme instance of the more general concern about the general release of synthetic 
organisms.   However the idea of terraforming also offers another significant challenge to 
conservation challenge, in its lack of awareness of the problem of scale.  The idea of 
terraforming as a strategy for managing greenhouse gas balances, assumes a single earth 
system.  But biodiversity loss is a problem rooted in distinctive local ecologies. 
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Biodiversity loss and climate change are both constructed as ‘global problems’, requiring 
‘global environmental management’ (Adger et al. 2001).  For biodiversity, that perception 
lies back in the age of European imperial conquest (Grove 1990, 1995): the national park 
became ‘a kind of global brand long before Coca-Cola or McDonalds’ (Gissibl et al. 2011, p. 
14).   Thinking about ‘the environment’ in global terms, relevant to the future of humankind 
as a whole, emerged in the twentieth century (Warde et al. 2018, Höhler 2015), and rose to 
prominence at the 1992 Rio Conference, which gave birth to both the UN Framework 
Convention on Climate Change and the Convention on Biological Diversity (Adams 2020).  
These in turn reflected earlier. 
 
However, climate change and biodiversity loss differ in one critical respect, their 
geographies.  Although the work of creating a global knowledge infrastructure, and 
developing a political response has distinctive geographies (Mahoney and Hulme 2018), the 
problem of climate change is understood globally, and synthesised in pan-global models.  A 
reduction in carbon emissions anywhere on earth is equally effective in lowering atmospheric 
carbon concentrations (Brooks et al. 2014).  It is possible to conceive of action in one place 
to remove carbon from the atmosphere (e.g. through tree-planting, or novel carbon capture 
technologies) having global benefits, for the atmosphere is understood (and modelled) as one 
connected system.   
 
Biodiversity is different.  The problem of biodiversity loss is distributed, because ecologies 
and species differ from place to place, as do human pressures upon them.   The contributions 
of local reductions in biodiversity loss do not necessarily translate into globally-distributed 
benefits.  Moreover, the conservation of biodiversity in one place does not necessarily benefit 
other species (or people) somewhere else.   
 
From a conservation perspective, the biosphere cannot be treated simply like a physical 
machine for processing CO2, or any other pollutant.   Releasing engineered organisms to 
drive changes in system parameters in the hope that they will make a difference to global 
climate system dynamics runs counter to all the evolved the principles of biodiversity 





The release of synthetic organisms in the name of earth terraforming is a solution to climate 
changed that is based on nature.  But it is a very different kind of nature to that an understood 
by conservationists, and set out in. the literature on ‘Nature-based Solutions’.   
 
The idea of terraforming, like geoengineering, is a classic ecological modernist response to 
climate change (Hajer 1995, Hulme 2014). It reflects the technophilia that permeates 
modernity, and confidence in ‘accelerated technological progress’ to deliver ‘improved 
material well-being, public health, resource productivity, economic integration, shared 
infrastructure, and personal freedom’ (Asafu Adjaye et al. 2015, pp. 30,  28).  The white heat 
of innovation in synthetic biology makes it a natural partner for an eco-modernist approach to 
climate crisis. 
 
Terraforming is a technological quick-fix, a scientists’ dream of a brilliant, simple, radical 
solution to a specific problem.  Its promise is Promethean, its vision of the biosphere 
dominated by a simplistic focus on physical parameters.  The conservation and restoration of 
ecosystems (as promised in Nature-based Solutions) promises to deliver both global carbon 
sequestration services and local conservation benefits (by maintaining biodiversity). 
Terraforming would bring no such mix of benefits.  It offers, at best, a cross-scale trade-off 
between imagined benefits to the carbon balance of the physical global ocean-atmosphere 
system and the real prospect of distributed biodiversity risks. 
 
Synthetic biology’s engineering vision for the organic world, the world of life, tracks 
seamlessly from genetic production lines via synthetic organisms and ecosystems to planetary 
carbon system dynamics.  It is at odds with the conservationist’s concern for living diversity 
and ecology.  Many synthetic biologists are sanguine about the risks of radical intervention in 
natural systems.  They do not share the ecologist’s understanding of the biological world, one 
comprised of interconnected pieces interacting within living systems of dazzling complexity 
(Redford et. al. 2014).  Terraforming with synthetic organisms  invites the reflection that in 
the history of human manipulation of the biosphere, treatment is so often more damaging 
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